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INTRODUCTION 
Commercial plantings of tomato hybri ds will give in-
creases in earliness and yield because of hybrid vigor, but 
seed costs become a li miting factor. The necessity of hand-
pollination makes the production of first gene ration hybrid 
tomato seed a costly enterprise. Failures of fruit set and 
seed development in artificially pollinated tomatoes are 
two contributin g ca uses for the increase d cost of F1 seed, 
The purpose of this investigation is to study some 
basic factors influencing these failures and to find ways 
of increasing fruit set and number of seeds per fruit, 
The scope in addi tion to th e field studies described 
includes a review of the literature on tomato pollination 
and pollen-tube growth, fruit s et, and seed development. 
These studies were desi gned to indicate how varietal dif-
ferences and time of pollination affect fruit set and seed 
development of the tomato. 
The significance of this report is that the data here-
in can be used as a basis for a better understanding of the 
reproductive phases of the tomato plant. They may also be 
used as a gu ide in the development of an F1 hybrid tomato 
seed industry, 
REVIEW OF LITERATURE 
Pollin a tion and pollen-tube gro wt h 
The studi es of t he to mato flowe r by Cooper (1927) lead 
to a defin ite understandin g of t he sequ ence of development 
of f lor a l parts. 
Smit h (1932, 1935) made similar observations and in 
ad dition studied pollin a tion and life history of t he to mato. 
Conclusions fro m his work are: 
1. Tomato pla n ts ha ve no de fi nite peak of flo werin g . 
2 . The number of hou r s which t he to mato flo wers will 
remain open is af fect ed by te mperature . Longe r flowerin g 
perio ds occur at lower temperatures. 
3 . Flo wering appears to be cor relat ed wit h t empera ture 
and s oil moisture. There effects on an t he sis become visible 
af ter a t hr ee day la g . 
4 . Ear l y abn or mal elon gation of t he style is ca used · 
by h i gh temper a tures. This pu ts the sti gmatic surfaces 
be yond the an t her cone . 
5. Ex tremely poor pollen germina tio n occur s a t bot h 
50° and 1000 F . Opti mum germi na tion is bet ween 700 and 85 °. 
6. Optim um po lle n -tube gro wt h t ake s p l a ce a t 70° F . 
but is re l at ively slow at a l l t emper a tur e s. 
7. Tomat o pollen remains inactive for several hours 
after pollination has occurred . Fifty hou rs elapsed after 
pollination be fore fertilization was fi rst observed . 
2 
Smith and Cochran (1935) st ated that fertilization 
before disintegration of t he embryo-sac contents is not 
li ke ly when plants were grown at approximate l y 1000 F . 
Fruit set 
A major interest has been s hown by research workers 
and commercial growers i n t he problem of tomato fru it set 
because of its economic import ance. Perhaps the first 
important finding on factors aff ecting fruit set was the 
carbo hyd rate-nitro gen balance reported by Kraus and Kraybill 
(1918), High or low carbohydrates or high or low nitro gen 
caused failure of fruit set. 
Work (1924) indic a ted t ha t fruit s e ttin g depends ·upon 
accumulation of a considerable surplus of su ga rs or carbo-
hydrates in the plant tissues. This surplus bein g over and 
above t he current nee ds of t he plan t for vegetative growth, 
Nighting a le (1927) and Ni gh tingale, Schermer horn , and 
Robbin s (1928) tied len g t h of day or phot operi od with 
nutrient su pp ly and su gges ted a fourteen hour daily photo -
period was necessa r y for fruitfulness, 
Watts (1 931) brought in t he fact th a t temperature has 
eff e cts similar to those of photoperiod. He also reported 
that more soil nitrat e could be utilized by the plants 
dur in g a lon g day wit h rel a tively high grow in g tempera-
tures, 
Baker (1938) st at ed that lo w a vail a ble phosphorus 
ca used l a ck of fruit set , 
Fa il ure of fruit set caused by blossom drop about t he 
3 
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time of ant hesis was studied by Radspinne r (1 922) . He 
found a direct relationship between relative humid it y , high 
temperature , and the blossom drop. His conclusion wao that 
blossom drop resulted from abscission, This abscission layer 
in turn was initiated by a water deficit in the plant from 
environmental co nditions causin g too r ap id transpiration. 
Smith (1932) attributed bloss om drop to anatoai cal 
abnormalit ie s . He stated that during per iods of high temp-
erature and low humidity the styles elongated abn or mally, 
This caused the stigma to pa ss beyond t he anther cone bef ore 
anthesis occurred. As a result th ere was a l a ck of self-
pollination and t he flowers soon abs cised, 
Went (1944, 1945) confirmed the tempera ture and li ght 
relationships to fruit setting giving optimal temperatures 
as so° F , day and 65° night. 
The studies with chemical treatment by Schro eder (19 35 ), 
Gustafson (1940), Howl ett (1 941), Murneek, Wittwer, and Hemp-
hill (1944), Withrow (1945), Wolf and Sta ir (19 46 ), and 
iittwer , Stall worth , and Howell (1948) indic a ted that fruit 
set under adverse conditions could be i mproved and the 
failures of set almost overcome by the use of hormone sprays, 
That the use of hormones is practical ar.d of great value to 
the marke t gr ower can be conceded but t he fruits are practi-
cally seedless and of no value to the seed producer . 
~ development 
Seed development in tomato fruits is of pr i me impor-
tance to the hybrid seed producer. Anatomical studies made 
by Cooper (192?) and summarized by Hayward (1938) conclude 
that each seed is the result of a separate fertilization . 
The number of seeds pe r fruit would, therefore, be depend-
ent upon the number of ovules develo ped within t he primor-
dium and t he number of pollen grains that germ inate on the 
stigma and grow to fertilize these ovules. 
PROCEDURE AND DISCUSSI ON 
Varietal variation studies 
The varieties selected for this study were Earliana, 
Farthest North, Moscow, Ponderosa, Red Jacket, and Stone B. 
Seeds of the six varieties were planted April 6, 1951 in 
the greenhouse. On May 24 the plants were set in the field 
with starter solution, and spaced three feet apart in four 
foot ro ws. A randomized block design was used. The plants 
ha d all started to flower by July 4. 
Pollinations on any single plant were completed within 
a ten da y period, No more than nine nor less than three 
pollinations per plant were made. This ruling was estab-
lished because of t he findings of Barrens and Lucas (1942) 
showin g the effects of the developing fruits in retarding 
subse quent fruit set. 
All pollinations were made on either t he second, third, 
or fourth cluster; and all blosso ms were removed from these 
clusters except those which had been hand-pollinated. This 
eliminated the necessity for markers. The first and fifth 
clusters were also removed to eliminate any possible effect 
upon fruit set. 
Durin g the emasculation process three to five of the 
sepals were removed to enable positive identification of the 
hand-pollinated fruits. 
~masculation and pollin a tion techniques used were those 
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described by Barr ons and Lucas (194 2) . 
Flowers of each variety were checked to know the inten-
sities of color and stages of flower openin g which would be 
comparab le. Emascul a tion was done approximate l y 24 hou rs 
before an t he sis and the pollen was applied immedi a tely, A 
flattened needle was used to remove pollen from the male 
flo wer and apply it to the stigma . 
No stakin g was done , however , because some of t he var -
1eties were self - pruning and di d not lend themselves well to 
staking . 
It was believed that there was no advantage in confin-
in g pollinations to any particular time of day as had been 
indic a ted by Barrons and Lucas (1942). In order to confirm 
this belief , one-half of the replications were pollinated 
in t he morning and one - half in the af ternoon. The findings 
(table 1) revealed no significant difference between repl i-
cations. Varieties were found to vary gr eatly in percent 
of pollin a tions resulting in fruit set . The results sh own 
in table 1 are jud ged a s high ly si gn ific an t. 
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Table l, ~nal ysis of var iance of per cent fruit set in to mato 
varietal studies a t North Logan, Utah, 1951 
Sour ce of 
Variation 
Varietie s 
Repli cations 
Erro r 
Tota l 
Degrees of 
Free dom 
5 
3 
15 
23 
•• Hi ghl y si gn ificant 
Sum of 
Squar es 
66,49 
.91 
7 . 42 
74.8 2 
Mean 
Squa re 
13.29 
. 30 
,49 
F 
Value 
26 .8 6** 
,608 
Normally self-pollinated plants were used as checks. 
Counts were made on the comparable clusters of the check 
plants . The first and fifth clusters were also removed to 
make them comparable to the test plants. 
It was interesting to note on the Ear liana strain used 
in the study that a higher pe rce nt fruit set was obtained 
from artifi cial pollination than from normal. This may 
have been because in the development of most flowers of the 
first five clusters, the stigma protruded beyond the anther 
cone. Thus , the same condition as reported by Smith (1935) 
existed and the flowers abscised. 
The style of some plants is receptive to pollen. All 
attempts of testing receptiveness of the tomato styles by 
removing the stigma or keeping the stigma from becoming 
pollinated 'resulted in failure of fruit set. Hence, it 
would seem that the style of t he tomato is non-receptive to 
pollen . 
The data obtained from studies of fruit set and seed 
developed by the six varieties are summarized in table 2. 
Counts recorded as selfed plants were made on comparable 
clusters on the check plants of each variety. The number 
of seeds per fruit indicated a varietal variation. 
The fruit set by hand-pollinations varied by variety 
from 8 to 93 percent with an average of 55 percent. The 
fruit set from the normal self-pollin at ed check plants 
averaged 60 percent and varied by variety from 38 to 96 
percent set. 
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The number of seeds per hand-pollin a te d fruit varied 
by variety from 45 to 143 an d avera ged 77 seeds . But the 
seeds per fruit resulting f rom nor mal s elf-pollination 
averaged 165 and varied by varieties fro m 46 to 332 seeds. 
Number of seeds per hand-pol lin ated fruit was approximately 
47 percent of that in the normal checks. 
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Table 2 . Variet al comparis on of percent fruit s et and number 
of seeds per fruit f ro m similar clusters of hand 
and self-pollinated tomatoes grown at North Logan, 
Utah, 1951 
Percent fruit set No. see ds per fruit 
Variety Pollinated Pollin a ted 
Hand Self Hand Self 
Earliana 67 45 80 115 
Farth est Nort h 93 96 45 46 
Moscow 56 59 56 332 
Ponderosa 8 38 73 205 
Red Jaclcet 30 47 64 106 
St one B 78 75 143 194 
Average 55 60 77 165 
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Ti me of pollination studies 
Red Jacket variety was selected for this study. Plants 
wer e grown and planted as describe d previously. Emascul a -
t i ons were made approxim a tely 24 hours prior to anthesis in 
a ll ca ses. A flat needle was used for removin g and apply-
in g pollen. 
In or der that pollination and pollen-tube growth could 
be a s uniform as possible, the emasculation was staggered 
and pollinations for the different treatments were done 
within a short time on the same day. Six tre a tments and a 
che ck were rando mized in blocks, 
Treat ments: 
l. Emasc ulat ed and pollin a ted 
(24 hours pre-anthesis) 
immediately 
2. Emasculated and 
(anthesis) 
pollin a ted 24 hours later 
3 . Emasculated and pollinated 
(24 hours post-anthesis) 
48 hours later 
4. Emasculated and pollin a ted immediately and 24 
hours later 
5, Emascul a ted and pollinated 24 and 48 hours later 
6. Emasculated and pollinat ed 48 and 60 hours later 
Check. Plants left for normal gro wth without treatment 
The findings of this study (table 3) indicate that 
pollination on the day of emasculation gave the poorest set, 
25 percent. Pollination 24 hours after emasculation with 
an additional applic a tion of pollen at 48 hour s after emas-
oulation gave t he highest set, 95 percent, and number of 
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Table 3, A comparison of fruit set and seed development of 
Red Jacket tomatoes having pre-anthesis, anthesis, 
and post-anthesis pollinations on similar flowers 
and clusters at North Logan, Utah, 1951 
Treatment Percent 
fruit set 
Pollinated at emasculation 
(24 hours pre-anthesis) 25 
Pollinated at anthesis 
(24 hours after emasculation) 83 
Pollinated 24 hours post-anthesis 
(48 hrs. after emasculation) 42 
Pollinated at emasculation 
and 24 hrs, later 
(24 hrs. pre-anthesis) and 
at anthesis 37 
Pollinated at anthesis 
and 24 hrs. later 
(24 and 48 hrs. after 
emasculation) 95 
Pollinated 24 hrs. post-
anthesis and 24 hrs. later 
(48 and 60 hrs. after 
emasculation) 54 
Normal self-pollination not applicable 
Average no, of 
seeds per fruit 
64 
88 
59 
72 
97 
66 
106 
12 
se eds app roximat ely equal to normal self-pollination. Lowest 
see d n umbers were from delayed pollination of the flo wers (24 
hours post-anthesis), 
These fin din gs tend to substantiate those of Daskaloff 
(1 937), who found the poorest set (55 percent) by pollinating 
on the day of emasculation, The set increased to 75, 90, and 
95 percent by pollinating one, t wo, and three days later, 
However, these percentages do not agree with those recorded 
by Barrens and Lucas (1942), who obtained the highest set 
(76 percent) by pollinatin g immedi a tely following emascula-
tion; they had a graduai reduction in percent set by delays 
in pollination, 
Since all emasculations in these three studies were 
carried out at the same sta ge of flowering, the assumption 
that "the period of receptivity of the stigma may be a 
varietal characteristic " could possibly have some founda-
tion. 
Fruit set is not t he only criterian for jud gin g the 
pollin a tion studies for a s Howlett (1941), and Wittwer, 
~ al. (1948 ) have shown fruit set can be increased during 
perio ds of adverse conditions by the use of chemical hor-
mones but the fruits for t he most part are parthenocar pic. 
This would defeat t he pur pose of hand-pollination for the 
production of hybrid seed because the new hybridized em-
bryo is t he all important goal, Thus, the number of seeds 
per fruit might possibly be more important than the number 
of fruits. 
An analysis of the number of seeds produced 1n the 
fruits from this pollination study would ev idence that the 
most viable pollen applied at the optimum time of recep-
tiveness of the stigma produced the most seed. 
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In na tures method of self-pollination the pollen grains 
remain in close contact with the stigma durin g t his period 
of receptivity, but man ap pli es only a small number of 
pollen grains in comparison. Yet the stimuli for fruit dev-
elopment are set up by the possible hormo ne effects resulting 
from even a few fertilizations. Thus, the most efficient 
method of keeping the most viable pollen in contact with the 
stigma during this period of receptivity would result in the 
most seed per fruit. 
Another interesting observation coming from this polli-
nation study was the size of fruits. Figure 1 shows fruits 
from two extremes in percent of fruit set; namely, t hose 
emasculated and pollinated immediately (A); those emasculated 
and pollinated 24 and 48 hours later (C); and the normal 
self-pollinated fruits (B). Note that the normal fruits (B) 
and those from pollination at ant hesis and 24 hours l a ter (C) 
were almost identical in size and shape. The ar tificially 
pollinated fruits ap peared more uniform . The fruits from 
immediate pollinations (A) were smaller and upon analysis 
contained less seed per fruit. Therefore , we must assume 
that if the artificial pollination s were as efficient as the 
natural then the fruits developed would be as l ar ge and 
contain as many seeds. 
15838~ 
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Fi g ure l. Red Jacket tomatoes from delayed pollination study 
at North Logan, Utah, 1951 
A. Emasculated and pollinated immediately 
(24 hours pre-anthesis). Fruits averaged 
2 to 3 oz. and contained 64 seeds. 
B. Normal self-pollinated. Fruits averaged 
3 to 6 oz. and contained 106 seeds. 
c. Emasculated and pollinated 24 and 48 hours 
later. Fruits avera ged 4 to 6 oz. and 
contained 97 seeds. 
SUMMARY 
Comparisons of varieties indicated that t he percent of 
fruit set and the number of seeds per fruit is a varietal 
cha racteristic. 
Delayed pollination studies evidenced that the stigma 
has a period of maxi mum receptivity, and that during this 
period , t he method by which the most viable po llen is kept 
in contact with t he sti gmatic surface will result in the 
hi ghest percent set, the l ar gest fruits, and t he most seeds 
pe r fruit . 
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